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Neutrino processes caused by the neutral current are studied in octet baryon matter. 
Previous confusion about the baryonic matrix elements of the neutral current interaction is 
excluded, and a correct table for them improved by consideration of the proton spin problem 
^s^j ■ is presented instead. 



In neutron stars, neutrinos have played crucial roles and their weak interactions 
with nuclear matter have been intensively studied by many authors in relation to 
supernova explosions, thermal evolution of protoneutron stars and cooling of neutron 
stars. ^ There work two weak processes in the Standard model 2 ); one is the charged 
current (CC) process and the other is the neutral current (NC) process. The el- 
ementary process where the CC takes part in has been well understood. On the 
other hand the NC process has not been well established yet due to little empirical 
information, while the NC process governs the neutrino mean-free path in baryonic 
matter and the vv emission from there. The former is closely related to supernova 
explosions and deleptonization of protoneutron stars. 1 )' 3 ) The latter is related to 
the cooling problem of young neutron stars such as the vv bremsstrahlung process 4 ) 
and the vv emission due to the Cooper pairing of nucleons and quarks. 5 ) ~~ 7 ' 

In these contexts many authors have evaluated and used the matrix elements 
of the hadron NC between the baryon SU (3) octet by utilizing SU (3) symmetry. 
Nevertheless we have realized that there is some confusion spread over literatures 
about their values, especially for hyperons. The problem is related to the GIM mech- 
anism. 2 ) There is another problem to be elucidated. It is well known that the same 
procedure has successively worked for the CC processes such as hyperon f3 decays. 
Although there has been no empirical justification a priori for the NC processes, re- 
cent experimental data and lattice simulations have suggested a large deviation from 
these values based on SU(3) symmetry, which is caused by the existence of the flavor 
singlet current in the baryonic NC. The matrix elements of the flavor singlet current 
are closely related to the problem of the proton spin as well. To our knowledge there 
is no consideration to take into account these results for the NC processes in baryon 
matter. 
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In this Letter we reconsider the NC processes in baryon matter to clarify the 
problematic points mentioned above and present correct values about the matrix 
elements of the NC between the octet baryons. 

In some literatures studying neutron star matter with admixed hyperons, we 
notice such a mistaken statement that the NC Avv coupling vanishes, e.g., in Refs. 
4b) and 6). As shown below, finiteness of this coupling is simply understood with 
use of the SU (6) quark model for the baryon octet. The effective Lagrangian to 
describe the NC process is given by way of the Standard model, 2 ) *) 

£(NC) = 2^^' (1) 

where j» is the lepton NC , j" = E^= e , M ,r [^7 M (1 - 7s) v t - h»{\ - 4sin 2 ^ - 75 ) I] , 
and J M is the quark NC current, 

J/j, = u^f,(I + - j 5 )u - dj^I- - 7 5 )d - s7 M (/_ - 75)s (2) 

with I + = 1 — 8sin 2 6*vK/3 and I- = 1 — 4sin 2 #n//3, where 6w is the Weinberg angle 
(sm 2 9w — 0.23). A point to be noted in what follows is the different sign between 
the terms of the upper components (vf, u, c) and the lower components (£, d c , s c ) of 
the SU(2)l doublets. If we take the non-relativistic approximation to Ja, the vector 
(axial -vector) current operator becomes as q^y^q — > S^^q (97^759 — ► —S^kq c^kQ 
with k = 1,2, 3). Then we can evaluate the matrix elements of J M between the baryon 
states described by the SU(6) quark model wave functions, which are given as a sum 
of the 3-quark product wave functions. Because is the one-particle operator, only 
the diagonal (non-exchange) matrix elements with respect to the flavor and spin are 
non-vanishing. 

For the proton spin-up state described by 



\p T) = [2(|n T u T d {) + s.c.) - (\u T u | d T) + s.c.)] /V18, 

where \u | u | d 1) etc. contain the antisymmetric color state and the symmetric 
spatial state and s.c. means the sum of symmetric combination, we have 

(P T \J„\P T) = (2/+ - /-)<V,o + (5/3)^,3 = (1 - 4sin 2 ^)Vo + (5/3)^,3- (3) 
Similarly for the neutron state, because of (i+ — 2J_) = —1, we have 

(n T | J> T) = -^,o - (5/3)^,3. (4) 
The factor 5/3 should be replaced by qa — 1-27. 8 ) For the A state described by 

\A T) = [\{u T d i -u i d T -d T u i +d i u t)s T) + s.c] /Vu, 

we have 

(A T \J(i\A T) = — <V,o — <V,3- (5) 



We suppress the c, t, b quark sectors for our purpose. 
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The non- vanishing Avv coupling is simply understood by the number counting, espe- 
cially for the ^-independent terms of the vector current by counting the number of 
each flavor quark with the positive (negative) sign for u (d, s). The matrix elements 
for the other octet baryons are obtained in the same way. 
We define the matrix elements of the baryonic NC as 

(B'\J,\B) ee u'^C^ - Cf {6) 75 )n B , (6) 

where u B (u' b ) is the Dirac spinor of the baryon in the initial (final) state. By 
equating the matrix elements obtained above with the non-relativistic limit of this 
equation, we can determine Cy U A ^ within the SU(6) quark model: = 1 — 

4sin 2 #w r , C^* 7 ^ = gA for the proton, Cy U ^ = — 1, C A U ^ = —qa for the neutron, 
and Cy U ^ = C^ 1 ^ = — 1 for the A particle. In the same way we obtain the values 
for the other octet members. Cy U ^ thus obtained are the same as 

C SU(3) . n Table 

I, while C A U ^ become the same as by taking D = 1 and F = 2/3 and 

replacing D + F by qa in Table II. 

Next we study the properties of the matrix elements of the baryonic NC from 
a wider viewpoint, namely, on the basis of the SU(3)-symmetry consideration and 
with reference to the information obtained in the proton spin problem. 

The quark NC current given in Eq. (2) is also written in the following form: 

h = (V! -AD- 2 sin 2 6 W (V* + -Lv*) + J«™ 

= jf^ + jS m , (7) 

where V", A^ are the octet vector and axial- vector currents defined by V£ = q\ a ^j^q 
and A^ = q\ J^sq with the Gell-Mann matrices X a , a = 1 ~ 8. The current J octct 
includes only the octet currents and J^ IM originates from the GIM mechanism and 
includes the SU(3) singlet current; 



X 



GIM 



1 

V3 



V* - -{At- 1a? 



V3 M V M Vs 



(8) 



where the SU (3) singlet currents are defined by V® = q\ 0, y^q and A^ = qX^^^^q 
with A ee diag(l, 1, 1). Note that J^ IM can be explicitly written as J^ IM = -s-y^l- 
lb)s. 

The matrix elements of the octet currents between the baryon octet state may be 
easily evaluated by the Wigner-Eckert theorem and the Clebsch-Gordon coefficients 
for SU (3) symmetry. 2 ) We introduce the coefficients Cy\ et for the octet baryon state 
IB) by 

lim{B'\J^\B) = u' B ^(Cr ct - CT ct ls)uBi (9) 

as in Eq. (6). The coefficients Cy A et then can be represented by the constants D 
and F 8 )' 9 ), D ~ 0.80, F ~ 0.47. We list C^ A ct in Table I, II. The authors, e.g., 
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in Refs. 4b) and 6) have used these values as the matrix elements of the baryonic 
weak NC and disregarded the contribution by J^ IM . For A and ZJ° with Cy^ A ct = 0, 
the non-vanishing matrix elements come only from J^ lM written by the s-quark 
operator. To evaluate the matrix elements of J^ IM we need a special care, because 
it includes the SU(3) singlet currents, especially the U A (X) current; since the singlet 
vector current V® is nothing but three times the baryon f/y(l) current and thereby 
conserved, the matrix element should be easily evaluated, (B'\V®\B) = 3u' b j^ub- A 
naive thinking that J^ IM gives no contribution for nucleons since it is written only 
in terms of strange quark gives a value of C A defined by 

{B'\Al\B) = C° A u' BW u B ; (10) 

e.g. C A (SU (6)) = 1 within the non-relativistic SU(6) quark model and C A (SU(3)) = 
— {D — 3F) ~ 0.61 by way of SU(3) symmetry. Thus we can give the values of C$ l f 
defined like in Eq. (9). The sum of C^f and Cffi, C VA = C^ A ct + C^f then 
gives the baryon matrix elements. We present these Cy,A in Table I, II within SU(3) 
symmetry, denoted by Cy U A 3 \ Some recent literatures have used these expressions, 
e.g. Refs. 3) and 7). 



Table I. Vector coefficients Cy. 



B 




C v V ^=Cy 


n 




-1 


-1 


P 


1 - 


- 4 sin 2 w 


1 — 4 sin 2 '6w 


A 







-1 


E~ 
E+ 


-(2 
2 - 


- 4sin 2 6W) 
• 4 sin 2 w 


-(3-4sin 2 6W) 
1 — Asm 2 6w 


E° 







-1 




-(1 


- 4 sin 2 9 w) 
1 


-(3-4sin 2 6W) 
-1 



Table II. Axial- vector coefficients Ca- 



B 






Ca 


n 


-(D + F) 


-(D + F) 


-A/3D - E/3 


V 


D + F 


D + F 


2/3D + 2F - E/3 


A 





-(D/3 + F) 


-2/3D - E/3 


E~ 


-IF 


D-3F 


2/3D -2F- E/3 


E+ 


2F 


D + F 


2/3D + 2F - E/3 


E° 





D - F 


2/3D - E/3 




D — F 


D-3F 


2/3D -2F- E/3 




— {D — F) 


-(D + F) 


-4/3D - E/3 



In 1988 EMC presented information about the baryon matrix element of the 
singlet current. They measured so-called the quark content of the proton, which 
triggered the exploding studies about the proton spin problem. Take a proton with 
momentum p and spin s and consider the following matrix element of the Ua(1) 
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current measured at the scale Q 



2 9) 



U(Q 2 )s, 



p,s 



u,d,s 



p,s 



[ID 



Writing U(Q 2 ) = Au + Ad + As, Aq is called the quark content inside the proton. 
Then the coefficient C A can be identified with £(Q 2 ~ 0) at low momentum transfer. 
EMC measured the spin-dependent proton structure function by using the polarized 
muon beam and proton at Qemc = 10.7GeV 2 , and extracted a remarkably small 



value. Subsequently SMC also reported a small value at Q 



SMC 



5GeV 211 ) and 

confirmed the EMC conclusion. Although there are still left some ambiguities about 
the value, they suggest C A = — 0.32. 12 ) This value is quite discrepant with the 
SU{3) value. Subsequent lattice simulations have also shown C A = 0.08 — 0.37, 
which is consistent with the observations. 13 ' 

The Ua{1) current is not conserved 
even when quarks are massless, and has 
an anomalous divergence coming from 
the triangle diagram, 



3^ 
"~2T 



TrGG, 



(12) 



where G^ v is the gluon tensor (the 
Adler-Bell-Jakiw anomaly). Hence 
S(Q 2 ) should consist of not only the 
quark but also the gluon contributions, 
the latter of which can be also inter- 
preted as the sea-quark contribution. 
Thus we can write U(Q 2 ) as 14 )' 9 ) 



0.6 



U(Q 2 



quark 



3a s {Q 2 ) 
2vr 



Ag(Q 2 ), 



- p 


Cooper 

scatt 

brems 






-^SMO 
< EMC -» 


C°a(SU(3)) 


) 0.2 


0.4 0.6 0.8 

E 



(13) 

where Ag(Q 2 ) is an integrated gluon 
distribution inside the proton. Then 
-^quark can be identified with the 
Ca(SU(3)) for the proton. Extending 
this idea to other members by way of 
577(3) symmetry, we can evaluate Ca 

for the baryon octet by taking into account the sea-quark contribution. In Table 
I, II we list the final expressions of Cy,A corrected by these considerations, i.e., 



Fig. 1. Ratios of the reaction rates as func- 
tions of E. Upper three curves show the 
ratios for the proton processes, which are 
almost overlapped with each other due to 
the fact, Cv ~ 0. Lower three curves show 
the ratios for the neutron processes. 



C A = C 



SU(3) 



(S-C%(SU(3)))/3 = C 



SU(3) 



D/3 + F - U/3. 



To demonstrate the effect of £ on some neutrino processes in neutron stars, we 
consider the vv bremsstrahlung emissivity oc C\, the vv emissivity due to the 3 P2- 
Cooper pairing oc C\ + 2C\ and the v(v) scattering opacity oc Cy + 3C\ in nuclear 
matter. In Fig. 1 we plot their ratios R 1 to the SU (3) values as functions of S. We 
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can easily see that R l are given as increasing functions for neutrons, while decreasing 
functions for protons; it also implies that the sea-quark contribution suppresses the 
neutron processes at most by 30%, while enhances the proton processes at most by 
40%. 

We have assumed SU (3) symmetry for baryons and the sea-quark contribution as 
well, but it is not obvious, especially for the see-quark contribution. When one uses 
the SU{3) value for C\ and the experimental data of U(Q 2 ), one may extract the 
sea quark contribution to be, e.g. , A seSu u ~ A sca d ~ ^ S caS — —0.16 from the EMC 
data. 10 ) Thus the sea-quark contribution is almost SU(3) symmetric. Recent lattice 
simulations have studied the SU(3) symmetry breaking effect, and also supported 
our idea that the sea-quark contribution is approximately SU(3) symmetric. 13 ) 

Although we can estimate the value of C\ by using the data of deep inelastic 
scattering, a direct measurement of C\ = £(Q 2 ~ 0) may be carried out by the v, v 
elastic scattering off nucleons or nuclei. 15 ) 
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